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in routine prostate cancer (PCa) pathology assessments. 
These growths are identified as biologically aggressive 
manifestations of PCa, including increased genomic insta-
bility and hypoxia [3]. The detection of these patterns in 
prostatectomy specimens has been consistently linked to 
increased risks of biochemical recurrence (BCR), metas-
tasis and disease-specific mortality [4–6]. Furthermore, 

Introduction

The consensus conference of 2019 by the International 
Society of Urological Pathology (ISUP) [1] and the white 
paper from the Genitourinary Pathology Society [2] have 
established the mandatory inclusion of reporting cribriform 
growth (Crib) pattern and intraductal prostate cancer (IDC) 
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recent work from our group revealed that the presence of 
IDC on biopsy predicts lymphatic metastasis in PSMA PET/
CT scans before treatment [7]. Additionally, among patients 
with BCR and metastatic disease detected via PSMA PET/
CT, the presence of Crib is strongly associated with a lym-
phatic pattern of metastasis [8].

Both IDC and Crib represent adverse features both on 
radical prostatectomy (RP) specimens and prostate biopsy 
samples. We have recently found that false-negative biopsy 
for IDC/Crib (i.e. missed IDC/Crib at biopsy) is indepen-
dently associated with higher risk of BCR and advanced 
pathological stage compared to a true negative biopsy [31]. 
However, there has been a lack of studies investigating how 
to predict biopsies false-negative for these patterns. A sig-
nificant challenge associated with this clinical scenario is 
the notable occurrence of false negatives (exceeding 50% in 
most series) in identifying IDC/Crib on biopsy when com-
pared to the surgical specimen [9].

Free-to-total PSA ratio (FPSAR) is employed in the 
ambiguous total PSA range of 4–10 ng/mL, with a higher 
FPSAR (> 0.25) predicting lower chance of PCa diagnosis 
and lower Gleason sum [10]. FPSAR has been proposed as 
a clinical tool for differentiating between PCa and benign 
prostatic hyperplasia (BPH) in patients with intermediate 
levels of PSA (4–10 ng/mL) [11, 12]. We hypothesized that 
a lower FPSAR would be associated with IDC and Crib at 
final pathology, given the aggressiveness characteristics of 
these patterns. In this study, we aimed to determine the pre-
dictive value of FPSAR in identifying missed IDC/Crib on 
biopsy pathology.

Materials and methods

Study design, setting, and participants

Patients who underwent RP at Princess Margaret Cancer 
Center– Toronto, between January 2015 and December 
2022 and had an available FPSAR before biopsy were 
included in the study (Fig.  1). In our institution, FPSAR 

is calculated by the laboratory when the PSA levels range 
between 4 ng/ml and 10 ng/ml. Total serum PSA and serum 
free PSA were quantified by the commercially available 
Alinity method from Abbott Diagnostics (Abbott Park, Chi-
cago, IL, USA) according to the manufacturer’s instructions 
[13]. The FPSAR was calculated by dividing the free PSA 
by the total PSA.

The mandatory reporting of the presence or absence of 
IDC and Crib in biopsies and radical prostatectomy speci-
mens was adopted at the Department of Pathology in 2015. 
Subspecialty pathologists read all pathological slides, but 
not re-reviewed as part of this study. For men who under-
went several biopsies before undergoing prostatectomy, 
the latest biopsy before the surgery was considered. We 
excluded patients whose biopsy reports did not specifically 
reference IDC and Crib’s presence or absence at biopsy. 
Although minor differences in methodology may have 
existed, our institution’s regular ultrasound-guided biopsies 
involve obtaining at least 12 cores from a standard sextant 
map, and for (multiparametric magnetic resonance imaging) 
MRI fusion biopsies, a minimum of 3 cores from each target 
is routinely acquired. All patients were offered a pre-biopsy 
MRI, following current guidelines [14]. The decision to pro-
ceed with an MRI versus upfront biopsy was based on a 
shared decision-making process with the patient, depending 
on patient anxiety level, wait time, and whether the post-
test result would alter the performance of a biopsy. If the 
MRI showed a positive lesion (≥ PIRADS 3), patients were 
typically offered a combined systematic/targeted biopsy 
approach. Select patients with a prior negative systematic 
biopsy may have undergone an MRI targeted-only biopsy” 
A MAGNETOM®  Verio 3T 4-channel, phased array sur-
face coil is used in our institution to perform the MRI. The 
reporting used in the division is PI-RADS v2. The study 
received Institutional approval (REB: 22-5908). Informed 
consented for the specific purpose of this study was waived.

Study outcomes

This study aimed to determine the predictive value of 
FPSAR in identifying missed IDC/Crib at the time of biopsy 
as compared to the final surgical specimen.

Study variables

IDC was defined as a lumen-spanning proliferation of car-
cinoma cells distending antecedent ducts or glands. Crib 
was defined as an expansile area of carcinoma cells with-
out intervening stroma or vasculature and with at least the 
size of an average size (200 μm diameter) benign gland and 
with multiple punched-out lumina [15]. Immunostaining for 

Fig. 1  Flowchart of patient selection
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basal cell markers to help distinguish between IDC and Crib 
was performed per case decision [16].

Patient age, PSA prior to RP, PI-RADS score, biopsy 
approach (transrectal ultrasound-guided template or MRI 
fusion), biopsy and RP Grade Group (GG), percent pat-
tern 4 at biopsy, presence of IDC/Crib at RP and biopsy, 
pathological stage, percent cores positive, positive mar-
gins and lymph node status at RP were reported. Our 
selection of cut-off values for the FPSAR was grounded 
in the established precedents set forth by well-docu-
mented studies [17].

Statistical analysis

Summary statistics were used to describe continuous and 
categorial variables. Associations between true positive/true 
negative/false negative biopsies (for IDC/Crib) with FPSAR 
were determined using Chi-squared test and Kruskal-Wallis 
test. Predictors of a false negative biopsy were examined 
using logistic regression with the following predictors: 
(1) percentage of pattern 4 disease (< 10% vs. ≥10%); (2) 
biopsy Gleason grade (GG1 - GG3 vs. GG4-5); (3) PSA 
before RP; (4) FPSAR (< 0.10 vs. ≥ 0.10; <0.27 vs. ≥ 0.27 
and 5) percentage of biopsy positive cores (< 33.3% vs. 
≥33.3%);

All statistical analyses were performed using R ver-
sion 4.2.0 (The R Foundation for Statistical Computing, 
Vienna, Austria). All hypothesis tests were two-sided 
and a p-value less than 0.05 was considered statistically 
significant.

Results

Overall cohort characteristics

This study included 639 patients who underwent radi-
cal prostatectomy between 2015 and 2022 (Table  1) and 
had FPSAR calculated by the laboratory. The median age 
was 63.0 years (IQR: 58.9–68.0). The median serum PSA 
before RP was 7.0 ng/ml (IQR: 5.3–9.5). Among the 639 
patients, 177 (28%) had Crib, and 97 (15%) had IDC on 
prostate biopsy, with 54 (9%) patients having both IDC and 
Crib. Grade Group distribution at biopsy was as follows: 
GG1 in 62 patients (10%), GG2 in 428 (67%), GG3 in 102 
(16%), GG4 in 28 (4%), and GG5 in 19 (3%) patients. Sys-
tematic biopsy was performed in 416 (65%) patients, and 
MRI fusion biopsy (targeted plus systematic) in 223 (35%). 
Regarding IDC/Crib on RP, the distribution was as follows: 
318 (50%) had Crib, 193 (30%) had IDC on final radical 
prostatectomy pathology, and 151 (24%) patients had both 
IDC and Crib (Table 1).

Free/Total PSA ratio

Overall cohort

The median FPSAR within the entire cohort was 0.12 
(IQR: 0.08–0.16). When we categorized FPSAR values into 
those < 0.10 and ≥ 0.10, 209 (33%) patients fell into the for-
mer category, while 430 (67%) fell into the latter (Supple-
mentary Table 1). Six-hundred and eight patients (95%) had 
a FPSAR of < 0.27, with 31 (4.9%) with a FPSAR ≥ 0.27.

Association with IDC/Crib Status at prostate biopsy

In terms of IDC/Crib status at biopsy, 163 (26%) patients 
had a false-negative biopsy, 256 (40%) had a true-negative 
biopsy, 197 (31%) showed a true-positive biopsy, consider-
ing either pattern (Table 2). When comparing false-negative, 
true-negative and true-positive biopsies for IDC/Crib, we 
found that the median FPSAR was similar different across 
the groups (0.11 vs. 0.12 vs. 0.12, respectively; p = 0.13). 
Among the patients with FPSAR < 0.10, 64 (39%), 78 (31%) 
and 60 (31%) had an IDC/Crib false negative, true negative 
and true positive biopsy, respectively. Conversely, within 
the patients with FPSAR ≥ 0.10, 99 (61%), 178 (70%), 137 
(70%) had an IDC/Crib false negative, true negative and 
true positive biopsy, respectively (p = 0.12).

When comparing IDC/Crib status at biopsy for FPSAR 
values < 0.27 and ≥ 0.27, we found that 159 (98%) had a 
false negative biopsy, 238 (93%) showed a true-negative 
biopsy and 189 (96%) exhibited a true positive biopsy for 
FPSAR < 0.27. For FPSAR ≥ 0.27, 4 (3%), 18 (7%) and 8 
(4%) disclosed a false negative biopsy, true negative and 
true positive biopsy respectively (p = 0.097).

Association with IDC/Crib status at final RP specimen

Regarding IDC/Crib status at final RP status (Supplemen-
tary Table 2), either IDC or Crib was present in 360 (56%) 
patients and absent in 279 (44%). For FPSAR < 0.10, 85 
(31%) did not have IDC or Crib at final pathology, and 
124 (34%) did have IDC or Crib. For a FPSAR ≥ 0.10, 194 
(70%) did not have IDC or Crib and 236 (66%) had those 
features (p = 0.33). Ninety (6.8%) of the patients with an 
FPSAR ≥ 0.27 had IDC or Crib at final RP, and 12 (3.3%) 
did not. Among patients with an FPSAR < 0.27, 260 (93%) 
had IDC or Crib at the final specimen, and 348 (97%) did 
not.

Pre-operative predictors of false negative biopsy

On multivariate regression analysis, percentage of pattern 
4 ≥ 10% at biopsy (odds ratio [OR] 0.17, 95% CI 0.10–0.29; 
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Variable
Age in years, median (IQR) 63.0 (58.9–68.0)
Serum pre RP PSA in ng/ml, median (IQR) 7.0 (5.3–9.5)
MRI - PI-RADS, n (%)
  1–3 26 (11.6%)
  4–5 197 (88.3%)
  Not performed 416
Biopsy Type, n (%)
  Systematic 416 (65.1%)
  MRI-fusion 223 (34.9%)
Biopsy Grade Group, n (%)
  Grade Group 1 62 (9.7%)
  Grade Group 2 428 (67.0%)
  Grade Group 3 102 (16.0%)
  Grade Group 4 28 (4.4%)
  Grade Group 5 19 (3.0%)
Biopsy intraductal, n (%)
  Present 97 (15.2%)
  Absent 542 (84.8%)
Biopsy cribriform, n (%)
  Present 177 (27.7%)
  Absent 462 (72.3%)
Biopsy intraductal or cribriform, n (%)
  Both present 54 (8.5%)
  Both absent 419 (65.6%)
Intraductal or cribriform present 220 (34.4%)
Percent Cores Positive, %, median (IQR) 44 (31–59)
Percent Pattern 4 at biopsy, %, median (IQR) 10 (5–40)
Radical Prostatectomy Pathological Grade Group, n (%)
  Grade Group 1 70 (11.0%)
  Grade Group 2 394 (61.7%)
  Grade Group 3 125 (19.6%)
  Grade Group 4 19 (3.0%)
  Grade Group 5 31 (4.9%)
Pathologic stage on radical prostatectomy specimen, n (%)
  T2 356 (55.9%)
  T3a 220 (34.5%)
  T3b or worse 61 (9.6%)
  Not available 2
Presence of intraductal carcinoma on radical prostatectomy specimen, n (%)
  Yes 193 (30.2%)
  No 446 (69.8%)
Presence of cribriform on radical prostatectomy specimen, n (%)
  Yes 318 (49.8%)
  No 321 (50.2%)
Presence of intraductal or cribriform on radical prostatectomy specimen, n (%)
  Both present 151 (23.6%)
  Both absent 279 (43.7%)
Intraductal or cribriform present 360 (56.3%)
Positive margins, n (%)
  Yes 192 (30.0%)
  No 447 (70.0%)
Pelvic lymph node positive, n (%)
  Yes 28 (6.5%)
  No 400 (93.5%)
  Not performed 211

Table 1  Overall cohort patient 
characteristics (n = 639)

IQR: Interquartile; PSA: 
Prostate-specific antigen
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Masoomian et al. conducted a study analyzing the con-
cordance rates of Crib architecture in 245 paired biopsies 
and surgical specimens. Conversely, it was observed that 
among GG2 biopsy patients, both false-negative and true-
positive biopsies exhibited a more advanced stage compared 
to true-negative biopsies upon radical prostatectomy [21]. In 
addition, Hollemans et al. [22] showed that men with true-
positive biopsies had a significantly shorter post-operative 
BCR-free survival compared to those with false-negative 
biopsies. For all these reasons there is a (still unmet) need 
for biomarkers that can differentiate false negative from true 
negative biopsies for those features. In our study, we sought 
to assess whether the FPSAR could serve as a reliable bio-
marker for predicting missed IDC and Crib at Biopsy.

Contrary to our initial hypothesis, FPSAR did not show 
significant predictive value for the detection of IDC/Crib at 
biopsy. The median FPSAR across false-negative, true neg-
ative, and true positive biopsy groups was similar (0.11 vs. 
0.12 vs. 0.12, respectively, p = 0.13). Additionally, in mul-
tivariate analysis, FPSAR ≥ 0.10 was not associated with a 
reduced likelihood of a false negative biopsy for IDC/Crib 

p < 0.001), higher Gleason score (grade group 4/5) on biopsy 
(OR 0.38, 95% CI 0.16–0.91; p = 0.03) and higher percent 
of positive cores at biopsy ≥ 33% (OR 0.51, 95% CI 0.29–
0.88; p = 0.016) were associated with lower odds of a false 
negative IDC/Crib biopsy. On the other side, FPSAR ≥ 0.10 
was not an independent predictor of a false negative IDC/
Crib biopsy (Table 3).

Discussion

Prostate biopsies are not accurate on detecting IDC/Crib 
with the sensitivity of detection at around 50% [9]. MRI has 
also been associated with controversial results in predicting 
IDC/Crib [18]. Pinto et al. demonstrated that the extent of 
disease for Crib-containing tumors is difficult to capture on 
MRI. Additionally, when comparing MRI lesions of simi-
lar dimensions and PIRADS scores, Crib tumors appear to 
have larger cancer yield on biopsy [19]. Mikoshi et al. also 
reported that neither the presence nor the percentage of IDC 
was related to MRI detectability [20].

Table 3  Univariate and multivariate logistic regression analysis evaluating pre-operative predictors of a false negative biopsy (amongst patients 
who were positive for IDC/Crib at RP)
Variable Univariate analysis Multivariate analysis

Odds Ratio (95% CI) P-value Odds Ratio (95% CI) P-value
PSA Before RP 0.99 (0.96, 1.03) 0.70
Percent GG4
  <10%
  >=10%

Reference
0.15 (0.09, 0.26)

< 0.001 Reference
0.17 (0.10, 0.29)

< 0.001

Biopsy Grade Group (GG)
  GG1-3
  GG4-5

Reference
0.27 (0.11, 0.57)

0.001 Reference
0.38 (0.16, 0.91)

0.030

Percent Cores Positive
  <33.3%
  >=33.3%

Reference
0.59 (0.36, 0.96)

0.034 Reference
0.51 (0.29, 0.88)

0.016

FPSAR
  <0.10
  >=0.10

Reference
0.68 (0.44–1.05)

0.081 Reference
0.69 (0.42, 1.12)

0.13

  <0.27
  >=0.27

Reference
0.59 (0.16–1.92)

0.40

Variable FN (n = 163) TP (n = 197) TN (n = 256) P-value1

FPSAR, median IQR 0.110 (0.08–0.15) 0.12 (0.09–0.16) 0.12 (0.09–0.17) 0.13
FPSAR, n (%) 0.12
< 0.10 64 (39.3%) 60 (30.5%) 78 (30.5%)
≥ 0.10 99 (60.7%) 137 (69.5%) 178 (69.5%)
FPSAR, n (%) 0.097
< 0.27 159 (97.5%) 189 (95.9%) 238 (93.0%)
≥ 0.27 4 (2.5%) 8 (4.1%) 18 (7.0%)
1Estimated using Mann-Whitney U tests for continuous variables, and Fisher’s Exact or Chi-squared tests 
for categorical variables
IQR: Interquartile range; PSA: Prostate-specific antigen

Table 2  Free/Total PSA ratio 
(FPSAR) stratified characteristics 
stratified by false negative (FN) 
vs. true positive (TP) vs. true 
negative (TN) prostate biopsies 
for IDC/Crib (n = 639)
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demonstrated that higher PSA levels are associated with the 
presence of Crib morphology in final pathology [22, 23]; 
however, FPSAR was not included in these analyses. This 
may reflect the unique biological features of IDC/Crib [29], 
which ultimately do not contribute to PSA proteolytic pro-
cessing dynamics and are not captured by FPSAR.

This study’s limitations stem from its single-center 
design and the retrospective nature of the research, which 
may introduce selection bias. Nonetheless, the robustness 
of the study is underpinned by the prospective collection of 
data from a recent patient cohort. This was enhanced by the 
systematic reporting of IDC/Crib by a dedicated urogeni-
tal pathologist in an academic institution with a specialized 
focus on IDC/Crib, helping to alleviate some of the biases 
typically encountered in retrospective pathology analyses. 
A notable shortfall, however, is the absence of details on 
IDC/Crib volume in the radical prostatectomy pathology 
reports, which limits our ability to fully discern the rela-
tionship between the volume of IDC/Crib, FPSAR, and the 
incidence of false-negative findings.

Our group recently found that TMBIM1 [30], also 
known as Bax inhibitor 1 (BI-1), is associated with IDC/
Crib at biopsy. Bax inhibitor 1 (BI-1) plays a crucial role in 
regulating apoptosis and calcium homeostasis by inhibiting 
the activity of the pro-apoptotic protein Bax and protecting 
cells from apoptosis induced by various stimuli. This under-
scores the need for further research to validate this finding 
and to elucidate new biomarkers for detecting these aggres-
sive features.

Conclusions

In conclusion, our study’s findings indicate that the FPSAR 
does not serve as a discriminating biomarker for identifying 
IDC/Crib status at the point of biopsy. Further research is 
necessary to elucidate biomarkers or combinations thereof 
that can enhance the diagnostic precision for these aggres-
sive prostate cancer variants.
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(p > 0.05). This suggests that FPSAR is not a distinguishing 
factor for IDC/Crib status at biopsy.

However, other traditional histopathological factors were 
found to be independent predictors of a lower risk of false-
negative biopsies for IDC/Crib. A higher percentage of 
pattern 4 disease (≥ 10%) at biopsy (OR 0.17, 95% CI 0.10–
0.29, p < 0.001) was an independent predictor of detecting 
IDC/Crib, as was a higher biopsy Gleason grade (GG 4/5) 
(OR 0.38, 95% CI 0.16–0.91, p = 0.03), supporting the well-
established role of higher Gleason scores as indicators of 
more aggressive disease. Furthermore, a higher percentage 
of positive biopsy cores (≥ 33%) (OR 0.51, 95% CI 0.29–
0.88, p = 0.02) also increased the likelihood of detecting 
IDC/Crib, reinforcing the notion that more extensive biopsy 
involvement is associated with improved detection of these 
aggressive cancer features [9].

Although FPSAR was not a biomarker for false-negative 
biopsies for IDC/Crib in this clinical context, it has demon-
strated clinical utility not only in differentiating PCa from 
benign prostatic hyperplasia. PSA is found in peripheral 
blood in two primary forms: a catalytically active form that 
is complexed with protease inhibitors, predominantly alpha-
1-antichymotrypsin, and a catalytically inactive form that 
circulates freely as free PSA (fPSA) [23]. In individuals 
without PCa, approximately 70–90% of total PSA (tPSA) 
is bound in complexes, while 10–30% is present as fPSA 
[24]. In the case of PCa cells, PSA is less subject to pro-
teolytic processing and undergoes fewer internal cleavages 
[23]. This leads to a larger proportion of PSA circulating in 
its complexed form, hence a lower FPSAR. Clinical studies 
have corroborated this distinction, revealing that men with a 
lower FPSAR, have a higher probability of harboring pros-
tate cancer compared to patients with similar risk profiles 
but higher FPSAR [24, 25]. Therefore, FPSAR is frequently 
utilized to enhance the specificity of PSA screening, par-
ticularly for men with a tPSA in the range of 4 to 10 ng/mL 
[26, 27].

Furthermore, the absence of a significant association 
between FPSAR and IDC/Crib detection in our study con-
trasts with its demonstrated clinical utility in predicting 
adverse pathological outcomes at radical prostatectomy. A 
lower FPSA was significantly associated with capsular pen-
etration, positive margins, a higher Gleason score, greater 
percentage of cancer, and greater cancer volume [28]. There 
is also data indicating that low-grade and high-grade pros-
tate cancers have quite similar total PSA values; however, 
they differ in their FPSA levels, with the latter being lower 
in the high-grade group [22]. Although several studies have 
shown that FPSA ratios decrease significantly with increas-
ing Gleason scores [24, 25], to the best of our knowledge, 
the association between FPSAR and the presence of IDC/
Crib has not yet been reported. Previous studies have 
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